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(54) Device for detecting displacement 

(57) A device for monitoring displacement of an object (6) comprises an optical interface (3,4) including a 
first member (4) for producing a spectrum from a beam of light, and a second member (3) comprising an 
optical mask having alternate trnsparent and opaque bands, the thickness of the bands being chosen 
according to the required accuracy of measurement; a source (12) emitting a light beam to a means (7) 
which transmits the beam towards the optical interface (3, 4) such that a spectrum is produced by the first 
member (4), parts of which are masked by the second member (3), one of the first or second optical 
interface members or the beam transmitting means being mounted on the object (6) such that 
displacement of the object (6) causes relative displacement between the second member (3) and the 
spectrum produced by the first member (4), a lens (5) arranged to concentrate the partial spectrum 
produced by the optical interface into a beam, which is then transmitted to a monitoring station (2), the 
monitoring station (2) including means (9. 10, 11) to detect which parts of the spectrum are not masked 
by the second member and a microprocessor (14) to calculate the displacement of the object (6) with 
respect to the fixed reference point from the pans of the spectrum masked by the optical mask. 

Such a device a device may be used as part of many different instruments in which movement or 
vibration is measured. Such instruments include many different types" of transducer or, alternatively, 
microphones or thermometers. 
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SPECIFICATION 

Device for detecting displacement 

5 Fieid of the Invention 

The invention relates to a new device for 
measuring the displacement of an object with 
respect to a fixed reference point. 
Such a device may be used as part of many 
10 different instruments in which movement or 
vibration is measured. Such instruments in- 
clude many different types of transducer or, 
alternatively, microphones or thermometres. 

1 5 Summary of the Invention 

According to the invention there is provided 
a device for monitoring displacement in at 
least one direction, of an object with respect 
to a fixed reference point, the device compris- 

20 ing 

an optical interface including two members, 
a first member comprising means to produce 
a spectrum from a beam of light, and the 
second member comprising an optical mask 
25 consisting of a series of parallel opaque and 
non reflective bands, at least part of the 
bands lying perpendicular to said one direc- 
tion, the bands being separated by optically 
transparent regions, the thickness and spacing 
30 of the bands and the regions being chosen 
according to the accuracy to which the dis- 
placement is to be measured; 

a light source which produces a beam of 
light and transmits it to a beam transmitting 
35 means which projects the beam of light to- 
wards the optical interface such that a spec- 
trum is produced by the first member, parts 
of which are masked by the second member; 
one of the first or second optical interface 
40 members or the beam transmitting means be- 
ing mounted on the object such that displace- 
ment of the object causes relative displace- 
ment between the second member and the 
spectrum produced by the first member; 
45 a lens arranged to concentrate the partial 
spectrum produced by the optical interface 
into a beam, which is then transmitted, to a 
monitoring station, the monitoring station in- 
cluding means to detect which parts of the 
50 spectrum are not masked by the second 

member and a microprocessor to calculate the 
displacement of the object with respect to the 
fixed reference point from the parts of the 
spectrum masked by the optical mask. 
55 Thus, the mask itself may be mounted on 
the object with the beam transmitting means 
and spectrum producing means fixed. Alterna- 
tively the spectrum itself may move. This can 
be done either by mounting the spectrum pro- 
60 ducing means on the object or mounting the 
beam transmitting means on the object such 
that the angle and position of incidence of the 
beam on the spectrum producing means may 
change, thus shifting the position of the spec- 
65 trum produced. 



Thus, the important feature of the device is 
that the displacement of the object causes 
relative movement between the spectrum and 
the second member of the optical interface. 

70 This means that the part of the spectrum 
masked by the optical mask will change ac- 
cording to the relative positions of the object 
and the fixed reference point. Thus, those fre- 
quencies of light will be omitted from the 

75 beam of light transmitted to the monitoring 
station. When this beam is analysed it will be . 
found that the beam will have some frequen- 
cies missing. By careful measurement of these 
frequencies present and absent, the position 

80 and thus displacement of the object may be 
calculated by the microprocessor by compari- 
son with the starting reference spectrum. 

Preferably the means to detect the parts of 
the spectrum not masked include a second 

85 spectrum producing means through which the 
beam is passed to produce a part spectrum 
onto a screen, the screen including sensor 
means coupled to the microprocessor. 
The parts of the spectrum missing corre- 

90 spond to the parts of the spectrum masked 
by the second member of the optical inter- 
face. 

The first member of the optical interface 
may be a standard prism which is mounted 
95 fixed relative to a fixed reference point. 

However it is preferred that the first mem- 
ber comprises a diffraction qrating. In this 
case it matters not whether the diffraction 
grating moves, the spectrum produced will re- 
100 main stationary. 

Thus, it is possible for the first and second 
member of the optical interface to move to- 
gether with the object, in this case preferably 
the optical interface is manufactured as a sin- 
105 gle unit of a sandwich of a diffraction grating 
and optical mask. 

Alternatively such a sandwich may be 
mounted fixed with beam transmitting means 
being mounted on the object. In this way the 
110 position of the light on the optical interface 
and therefore position of spectrum In relation 
to the mask changes. 

In such a case preferably the beam 
transmitting means includes a mirror. This is a 
115 useful arrangement for measuring the move- 
ment of a diaphragm in a transducer, and in 
particular in a microphone. 

The optical interface may be arranged such 
that the beam of light passes first through the 
120 first member onto the second member or vice 
versa. 

Since the method of transmitting the signals 
representing the movement of the object are 
transmitted from the object to the monitoring 

125 station by light only, it is possible to produce 
a device which comprises a first station where 
the optical Interface and the beam transmitting 
means are positioned, where there are no 
electrical components. This is a preferred ar- 

130 rangement since it means that the device may 
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be used in hazardous and remote situations 
or, most usefully, under water. 

In this case it is preferred that the light 
source Is positioned at a second monitoring 
5 station. In some embodiments, it is possible 
for the light to be transmitted directly through 
all the components but preferably the beam of 
. light is transmitted from the light source to 
the optical interface via beam transmitting . 
10 means including an optical fibre and: the beam 
of light is transmitted from the lens to the 
second spectrum producing means by an opti- 
cal fibre. 

In this case, the device can be constructed 
1 5 so that the first station where there are no 
electrical components may be remote from the 
second station where the monitoring of the 
objects displacement takes place. 
Thus, the device may be used very conveni- 
20 ently in situations under water and this can be 
particulariy useful in diving and oil drilling op- 
erations. In this case the device may be used 
to measure displacement in any instrument 
where a parameter to be measured may be 
25 converted to displacement, for example a mi- 
crophone, a load pressure or temperature 
transducer. 

-In the case where the light is transmitted via 
fibre optics, it is preferred that the same optl- 

30 cal fibre is used to transmit the light from the 
light source to the optical interface and to 
transmit the light from the optical interface to 
the second spectrum producing means. 
A very simple and convenient device may 

35 be produced for measuring displacement on 
one axis only. In this case, the optical rnask 
comprises a series of parallel bars all perpen- 
dicular to the direction in which relative dis- 
placement between the spectrum and the 

40 mask may occur. 

One possible arrangement for the bars is to 
have a first bar and first transparent region of 
a first constant thickness adjacent a second ' 
set of bars and regions consisting of two bars 

45 and two transparent regions, each of a sec- 
ond thickness equal, to half the thickness of 
the first thickness, adjacent a third set of bars 
and regions, comprising four bars and four 
transparent regions each of thickness equal to 

50 half the second thickness. This pattern may 
be continued dependant upon the accuracy of 
measurement of displacement required the 
range (length) of displacement to be mea-^ 
sured. 

55 The pattern may be arranged such that the 
sets of bars are adjacent one another along 
the length of the mask. 

Alternatively, the sets of bars may be adja- 
cent along the width of the mask. 

60 The advantage of using such masks is that 
the number of sensors required on the screen 
at the monitoring station need only be equal 
to the number of different sets of bands and 
regions on the mask, spaced apart by the dis- 

65 tance equal to the thickness of one whole set. 



Each sensor measures a spectrum width equal 
to the width of the smallest band In this case 
the . signals sent to the microprocessor will be 
in the form of a binary digital signal measuring 

70 the presence or absence of the spectrum on 
that part of the screen which means that the 
displacement may easily be calculated. 

It is possible to produce a device which can 
be used to measure displacement in more 

75 than one direction. In this case, the mask may 
be in the form of an interference* pattern such 
as Newtons rings. In this case the micropro- 
cessor and sensing means on the screen will 
be much more complicated. 

80 Alternatively the device may measure dis- 
placement in two perpendicular directions si- 
multaneously. This may be dorie by splitting 
the beam at the beam transmitting means into 
two using polarising filters, colour filters, 

85 spectrum division or other similar means. The 
device will then include two separate masks 
each oriented to measure, displacement in one 
of the required directions. 
The device may be arranged to measure rp- 

90 tation. This is done by using a mask in which 
each band forms an arc. The mask includes a 
series of rings, with each ring including a set 
of opaque and transparent bands. Relative ro- 
tation of the spectrum and the mask may in 

95 this way be measured. 

The first member of the optical interface 
need not be a prism or diffraction grating. It is 
possible for it to comprise a reflecting surface 
or transparent medium marked with a spec- 
100 trum so that a beam having passed through or 
been reflected from the member will include a 
spectrum which can move relative to the 
mask. 

105 Brief Description of the Drawings, 

Two examples of devices in accordance 
with the invention will now be described, by 
way of example only, with reference to the 
accompanying drawings, in which: 

110 Figure 1 is a schematic view of a first sys- 
tem; 

Figure 2 is a schematic view showing the 
operation of the optical interface; 

Figure 3 is a schematic view showing an 
1 15 alternative form for the second member of the 
optical interface; and. 

Figure 4 is a schematic view of part of a 
second example of a device. 

120 Description of tlie Preferred Embodiments 
A first device is shown in Figure 1 and 
comprises a first station 1 where the move- 
ment of an object 6 is to be monitored and a 
remote second station 2 where the actual dis- 

125 placement is calculated. 

At the first station 1 is an optical interface 
which comprises 3 and 4. A first member 4 
consists of means to produce a spectrum 
which, in this case, is a diffraction grating. 

1 30 The second member 3 comprises an optical 
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mask which is shown in more detail at B on 
Figure 2. The mask comprises a series of 
opaque non-reflective bands 3 A spaced by 
transparent zones 38. 
5 The optical interface sandwich 3 + 4 is 
mounted on an object 6 of which the dis- 
placement is to be monitored. 

A source of white light 1 2 is situated at 
remote station *^2 and produces white light and 
10 transmits it via beam transmitting means con- 
sisting of an optical fibre 7 to diffraction grat- 
ing 4 which produces a spectrum which is 
transmitted through mask 3 to a lens 5 which 
concentrates the spectrum into one beam so 
15 that it can be transmitted via optical fibre 8 to 
the monitoring station 2. 

At the monitoring station 2 the beam of 
light from optical fibre 8 passes through a 
second spectrum producing means 9 which in 
20 this case comprises a prism. This produces a 
part spectrum on screen 10. At screen 10 are 
four sensing means 10A equally spaced on 
the screen which send signals to a light sen- 
sor plate 11 and via 13 to microprocessor 14 
25 which can then calculate the displacement of 
object 6. 

Figure 2 shows in more detail how the dis- 
placement of the object 6 is calculated. 'A' 
represents the diffraction grating 4 which pro- 
30 duces a spectrum, part of which is miasked by 
the diffraction grating 3. 

'C represents the signals detected at the 
sensing stations 10A. The sensing stations 
detect only absence or presence of a signal. 
35 Movement of the optical interface 3, 4 to 
the left is represented on Figure 2 as relative 
movements to the right hand side of the mask 
3. In this case movement of the diffraction 
grating does not cause movement of the 
40 spectrum produced. 

The first row of signals represent a typical 
starting or calibration point representing no 
displacements where each of the sensing sta- 
tions IDA detect a signal presence. The 
45 screen 10 is preferably arranged such that be- 
fore use it can be calibrated accurately so that 
at the desired fixed reference point the screen 
may be moved in direction 'X' as shown in 
Figure 1 until each of the sensing stations 
50 10A monitor a signal. 

The optical mask is arranged such that it 
comprises four sets of bands. The first set of 
bands comprises one band and one transpar- 
ent region, each of a first thickness. The sec- 
55 ond set is adjacent the first set and comprises 
two bands and two regions each of thickness 
equal to half the thickness of the first band. 
The third set comprises four bands and four 
regions of thickness equal to half the second 
60 bands and regions. The fourth set comprises 
eight bands and eight regions each of thick- 
ness equal to half the thickness of the third 
set of bands and regions. 

If relative movement equal to the width of 
65 one band of the fourth set is produced, then 



one only of the sensors lOA cannot sense a 
signal. As can be seen in Figure 2, if the 
- sensors 10A and sensing plates 11 are ar- 
ranged as binary signals, they will give a read 
70 out equal to the number of units the object 
has moved relative to the fixed reference po- 
int. 

The scale shown will permit monitoring of 
16 separate displacement positions over the 
75 determined range. \f further accuracy is re- 
quired, further sets of bands of even smaller . 
thickness may be added to the mask 3. 

Figure 3 shows an alternative form of mask. 
In this the mask again comprises four sets of 
80 bands similar to those shown in Figure 2. 
Here however the sets are arranged adjacent 
one another along the width of the mask in- 
stead of all the bands lying along one strip 
parallel to one another. 
85 This measures displacement in exactly the 
same way producing a binary signal. However 
here the mask can be arranged perpendicular 
to the direction of the spectrum and therefore 
the length of the mask Is not limited by the 
90 length of the spectrum produced. 

In a second example of the device the same 
fibre optic 7 and 18 is used to both transmit 
light from the light source 12 to the optical 
interface 3, 4 and to transmit light from opti- 
95 cal interface 3, 4 back to prism 9. In this 
case, the light source 12 transmits light via a 
concave lens 18 and through then section flat 
transparent glass sheet 17. The transparent 
sheet 17 is arranged at such an angle that the 
100 modified beam returning from the optical inter- 
face is reflected rather than transmitted 
through the glass through 90** so that it can 
then pass through prism 9 to the screen 10. 
It will be appreciated that the source of 
105 white light 12 may equally comprise a source 
of any light of a combination of frequencies 
which can thus produce a spectrum. 

In alternative embodiments of the invention 
the means to analyse the spectrum at the 
1 10 monitoring station may comprise a colour sen- 
sitive optical transducer such as that sold by 
Sharp. 

CLAIMS 

115 1. A device for monitoring displacement in 
at least one direction, of an object with re- 
spect to a fixed reference point, the device 
comprising an optical interface Including two 
members, a first member comprising means to 

120 produce a spectrum from a beam of light, and 
the second member comprising an optical 
mask consisting of a series of parallel opaque 
and non reflective bands, at least part of the 
bands lying perpendicular to said one direc- 

125 tion, the bands being separated by optically 
transparent regions, the thickness and spacing 
of the bands and the regions being chosen 
according to the accuracy to which the dis- 
placement is to be measured; 

130 a light source which produces a beam of 
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light and transmits it to a beam transmitting 
means which projects the beam of light to- 
wards the optical interface such that a spec- 
trum is produced by the first member, parts 
5 of which are masked by the second members- 
one of the first or second optical interface 
members or the beam transmitting means be- 
ing mounted on the object such that displace- 
ment of the object causes relative displace- 

10 ment between the second member and the 
spectrum produced by the first member; 

a lens arranged to concentrate ^the partial 
spectrum produced by the optical interface 
into a beam, which is then transmitted to a 

15 monitoring station, the monitoring station in- 
cluding means to detect which parts of the 
spectrum are not masked by the second 
member and a microprocessor to calculate the 
displacement of the object with respect to the 

20 fixed reference point from the parts of the 
spectrum masked by the optical mask. 

2. A device according to claim 1 , in which 
the means to detect the parts of the spectrum 
not masked include a second spectrum pro- 

25 ductng means through which the beam is 
. passed to produce a part spectrum onto a 
screen, the screen including sensor means 
coupled to the microprocessor. 

3. A device according to Claim 1, in which 
30 the means to detect the parts of the spectrum 

not masked comprises a colour sensitive opti- 
cal transducer. 

4. A device according to any one of the 
preceding claims, in which the first niember of 

35 the optical interface is a standard prism 

mounted fixed relative to a fixed reference po- 
int. 

5. A device according to any one of claims 
1, 2 or 3. in which the first member com- 

40 prises a diffraction grating. 

6. A device according to Claim 5, in which 
the optical interface is manufactured as a sin- 
gle unit of a sandwich of a diffraction grating 
and optical mask. 

45 7. A device according to claim 6, in which 
the single optical interface unit is mounted on 
the object such that both the first and second 
members of the optical interface move with 
the object. 

50 8. A device according to any one of the 
preceding claims, in which the beam transmitt- 
ing means includes a mirror arranged to reflect 
a beam of light from the light source towards 
the optica! interface, in which the mirror is 

55 mounted on the object. 

9, A device according to any one of the 
preceding claims, in which the device com- 
prises a first station including the optical inter- 
face and the beam transmitting means, and a 

60 second station including the tight source and 
the monitoring station. 

10. A device according to claim 9, in which 
the beam transmitting means includes an opti- 
cal fibre extending from the second station to 

65 the first station and the beam of light is 



transmitted from the first station to the sec- 
ond station by an optical fibre, such that the 
first station where measurement of movement 
of an object occurs may be remote from the 
70 second station. 

11. A device according to claim 10, in 
which the same optical fibre is used to 
transmit the light from the light source to the 
optical interface and to transmit the light from 

75 the optical interface to the monitoring station. 

12. A device for monitoring displacernent in 
at least one direction, of an object with re- 
spect to a fixed reference point arranged sub- 
stantially as described herein with reference 

80 to, and as illustrated in Figures 1 and 2 of the 
accompanying drawings. 

13. A device for monitoring displacement in 
at least one direction, of an object with re- 
spect to a fixed reference point arranged sub- 

85 stantially as described herein with reference 
to, and as illustrated in Figures 1 and 2, when 
modified in accordance with Figure 3 of the 
accompanying drawings. 

14. A device for monitoring displacement in 
90 at least one direction, of an object with re- 
spect to a fixed reference point arranged sub- 
stantially as described herein with reference 
to, and as illustrated in Figures 1 and 2, when 
modified in accordance with Figure 4 of the 

95 accompanying drawings. 
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